Introduction
For the first time, precision topographic profiling of Martian lobate thrust-fault scarps permits robust mechanical modeling of the structural topography across these large contractional structures. Using topographic measurements acquired by the Mars Orbiter Laser Altimeter (MOLA [Zuber et al., 1992] ), the surface topography across lobate scarps on Mars [Watters, 1993] can be characterized [Watters et al., 2000 ]. Here we report results of forward mechanical modeling of MOLA topography from two cross-sectional profiles across Amenthes Rupes. Our results demonstrate: (1) fault dip angles that are consistent with those of strong terrestrial thrust faults having typical frictional strengths [e.g., Sibson, 1994] , and (2) substantial depths of thrust faulting into the Martian lithosphere.
Amenthes Rupes is recognized as a large surface-breaking Martian thrust fault. The scarp is -421 km long with maximum structural relief of-1.3 km [Watters et al., 2000] . The population of lobate scarps that includes Amenthes Rupes formed during the Late Noachian to Early Hesperian [Watters and Robinson, 1999] (or-3.8 Ga in age [Zuber, 2001] ), deforming ancient highland rocks in an early episode of crustal deformation following the period of heavy bombardment. Because the global-scale effect of Tharsis as recently proposed [Phillips et al., 2001 ] predicts broad uplift in this region, with slope gradient more nearly parallel to the trends of lobate scarps instead of normal to them, Amenthes and associated lobate scarps may relate more directly instead to the early development of the crustal dichotomy [Watters, 1993, The magnitude, distribution, and sense of offset are first specified along the fault, then the stresses and material displacements in the vicinity of the fault are completely determined by using the stress functions for an elastic halfspace [Okada, 1992] . The halfspace solution increases the near-surface displacements above a thrust fault relative to their values in an infinite faulted medium. An acceptable match (see below) between the model and MOLA topography bounds admissible values. We then calculate the displacement vectors to predict changes in topography due to the surface-breaking thrust fault beneath Amenthes Rupes.
The topography of terrestrial thrust fault scarps is similar to that exhibited across Amenthes Rupes, including maximum structural relief at or behind the surface break and a trailing synclinal depression that marks the approximate vertical location of the lower fault tip in the subsurface [e.g., Savage Changing the fault geometry to a listric shape (modeled but not shown) leads to unacceptably poor fits to the topography. As fault dip shallows with depth, the offsets along the lower parts of the fault interact more readily with the surface, leading to greater (vertical) structural relief behind the surface break. However, the trailing syncline is enlarged significantly in width and depth by offset along either a shallowly dipping thrust fault or one that merges into a basal d6collement. At most, the Amenthes fault may shallow from -30 ø to -25 ø as it approaches depths of 25-30 km. The modeling suggests that the thrust fault does not sole into a subhorizontal d6collement at depth. Figure 4) . Such spatial variations are not incorporated in simple rigid-block kinematic models of planetary faulting. We conclude that forward mechanical models of thrust fault deformation provide a powerful tool for interpreting MOLA topography across faulted Martian terranes and thereby reconstructing the regional tectonics.
